

























and	 the	 ISSR	patterns	of	 the	 three	 species	have	been	determined	 for	 the	 first	 time.	Sprout,	 leaf,	 calyx,	 corolla,	 and	 stem	rachis	measurements,	 leaflet	 indumentum	 type	and	 ISSR	patterns	 significantly
discriminate	H.	chaiyrakanicum	from	the	other	two	species,	whereas	plant	height,	lengths	of	stem	and	leaf,	and	length	and	width	of	leaflet	show	opposite	ranges	of	variation	for	H.	gmelinii	and	H.	setigerum










2006),	 although	 initially	 it	was	 classified	 into	 a	different	 section,	Subacaulia	Boiss.	 (Fedtschenko,	 1972).	Both	 species	 are	 adapted	 to	 similar	 steppe,	 river	banks	 and	 rocky	habitats	 in	 southern	Siberia.	Different
taxonomic	revisions	have	treated	H.	setigerum	either	as	an	independent	species	(Fedtschenko,	1972;	Yakovlev	et	al.,	1996)	or	as	a	subspecies	of	H.	gmelinii	(Fedtschenko,	1902;	Kurbatskij,	2006),	or	as	its	variety	(Sa	et








DNAs	(Trifi-Farah	and	Marrakchi,	2001)	were	conducted	for	H.	carnosum,	H.	spinosissimum,	H.	coronarium,	H.	pallidum	and	H.	flexuosum.	 ISSR	 (inter-simple	 sequence	 repeat)	markers	were	applied	 to	 investigate	H.
coronarium	genetic	polymorphism	(Marghali	et	al.,	2012)	and	to	access	the	molecular	similarity	among	Hedysarum	and	Sulla	species	(Chennaoui-Kourda	et	al.,	2007).	Several	phylogenetic	studies	of	Hedysarum	 and
Sulla	taxa	and	the	tribe	Hedysareae	were	based	on	internal	transcribed	spacer	(ITS)	of	nuclear	DNA	(Ahangarian	et	al.,	2007;	Chennaoui	et	al.,	2007),	or	based	on	plastid	trnL-trnF	(Amirahmadi	et	al.,	2010)	or	rbcL
































































































The	 average	mean	 value	 of	 stem	 length	 (LS)	 in	H.	 gmelinii	was	 statistically	 significant	 and	maximum	among	 the	 species	 analyzed	 (6.8	±	 6.4	 cm),	which	 confirms	 its	 potential	 classification	within	 sect.	Multicaulia,	 and,
conversely,	the	classification	of	the	short-stemmed	H.	setigerum	and	H.	chaiyrakanicum	within	sect.	Subacaulia.	However,	the	variability	of	stem	length	in	H.	gmelinii	was	extremely	high	(CV	=	93.9)	and	overlapped	with	those	of	the
other	studied	taxa	in	some	individuals	(e.g.,	individuals	36	and	37,	from	the	same	population	(HG3)	had	stems	of	0.5	and	7	cm	long,	respectively).
The	 length	 of	 the	 leaves	 and	 length	 of	 the	most	 developed	 axis	markedly	 separated	H.	setigerum	 (LL	=	 7.7	±	 3.2	 cm;	 LA	=	 14.1	±	 4.1	 cm)	 from	 the	 long-leaved	 and	 tall-stem	plants	 of	H.	 gmelinii	 (LL	=	 11	±	 3.7	 cm;
Nei	 (1972)	 genetic
distances




Our	analyses	 revealed	 several	diagnostically	 important	morphological	 vegetative	and	 reproductive	 characteristics	which	exhibited	 species-specific	differences	 in	H.	chaiyrakanicum	 and	 allowed	 it	 to	 be	 separated	 from	H.
gmelinii	 and	H.	 setigerum.	 They	 are	 the	 lower	 number	 of	 leaflets	 (NL),	 longer	 sprout	 length	 (LS),	 dense	 covering	 of	 rachises	 (R),	 the	 smallest	 lengths	 of	 petals	 (LSD,	 LK,	 LW)	 and	 of	 calyx	 tube	 (LCT)	 and	W/K	 correlation,	 and
indumentum	density	of	adaxial	leaf	surface	(TDad).	Also,	the	length	of	calyx	lobes,	density	(TDab)	and	length	of	the	leaflet	trichomes	(TLab	and	TLad)	significantly	discriminate	H.	chaiyrakanicum	from	H.	setigerum	(Table	S1,Fig.	S1).
By	contrast,	H.	setigerum	and	H.	gmelinii	only	differed	statistically	based	on	the	lengths	of	axis	(LA)	and	leaf	(LL)	and	width	(WLT)	and	length	(LLT)	of	leaflets.	Although	the	length	of	stem	(LS)	varied	significantly	between	the

























Our	microscopy	study	 indicated	that	no	species-specific	polymorphism	in	 lomentum	size,	shape,	and	ornamentation	could	be	observed	among	the	three	taxa	(Table	S1,	Fig.	S2).	The	study	of	 lomenta	 in	all	 species	showed
between	two	to	six	rounded	segments	united	by	a	conspicuous	articulation,	ended	in	a	small	acute	rostrum,	and	with	obscure	margins	(Fig.	S3g-i).	The	respective	mature	segments	were	2.6–4.7	×	2.7–4	mm	in	size	(p	>	0.05);	both
segments	had	several	 lateral	 lines	of	spiny	ribs	often	ending	with	more	or	less	developed	hooked	prickles	430–880	μm	long,	with	fluted	cavernous	surface,	which	were	green	in	 juvenile	fruits	and	purple	 in	mature	ones	(Fig.	S3j).
Occasionally,	prickles	were	observed	along	the	 lomentum	margin.	Lomentum	indumentum	was	dense,	sericeous	and	presented	unicellular	 flattened	verrucose	clavate	 trichomes	150–270	μm	long	and	55–60	μm	wide,	with	hopper-
shaped	basis	and	a	rounded,	rarely	acute,	apex	(Fig.	S3k).	In	some	H.	gmelinii	individuals,	the	trichomes	were	lanceolate,	with	tapering	point.	Our	SEM	study	revealed	the	presence	of	lomentum	trichomes	with	linear	warts	1–3	μm
long	(Fig.	S3l).	The	common	cell	type	of	lomentum	surface	for	all	studied	Hedysarum	taxa	is	4-6-gonal,	isodiametric	to	oblongate,	30–50	μm	in	diameter,	having	thick-walled	cells	with	a	rugose	sculpture	(Fig.	S3m).	The	stomata	were















Primer Ta,	°С PB	(%) Rp H0
(CTC)3GC 42 23	(95.7) 7.5 7.3
(CT)8TG 51 22	(100) 6.8 7.3
(CA)6GT 47 26	(100) 12.5 11.0
(CA)6GG 42 27	(100) 11.5 9.0
(CA)6AG 47 20	(100) 6.5 6.8
(CT)8AC 48 24	(100) 9.5 9.3
(AC)8C/TG 58 25	(100) 8.4 8.5










H.	gmelinii – 0.115 0.046
H.	chaiyrakanicum – – 0.109




































































The	 close	 genetic	 relatedness	 obtained	 for	 the	H.	 setigerum	 and	H.	 gmelinii	 samples	 agrees	 with	 their	 similarities	 in	morphological	 and	 carpological	 features,	 indicating	 that	 all	 examined	morphological	 and	molecular
characteristics	do	not	provide	any	 considerable	 information	 that	 could	be	used	 to	distinguish	 them.	Consequently,	we	have	 found	no	 reliable	 evidences	 that	would	 reinforce	 the	 status	 of	H.	setigerum	 as	 a	 separate	 species,	 and
therefore	propose	to	subsume	it	within	H.	gmelinii.	Comparisons	of	the	geographic	ranges	of	these	two	species	suggest	that	H.	setigerum	may	be	considered	as	a	short-stemmed	ecotype	of	H.	gmelinii	located	in	southern	Siberia	as	it
was	proposed	by	Fedtschenko	(1902)	and	 further	by	Kurbatskij	(2006)	who	classified	 it	 as	H.	gmelinii	 subsp.	 setigerum	 (Turcz.	 ex	 Fischer	 et	Meyer)	 Kurbatsky.	Genetic	 polymorphism,	 large	 amount	 of	 variation	 in	 chromosome
numbers	and	polyploidy	(Yan	et	al.,	1989;	Kurbatskij,	2006 )	might	have	driven	the	phenotypic	diversification	and	geographic	distribution	of	H.	gmelinii	(Doyle,	2012),	making	difficult	 the	 taxonomic	delimitation	of
related	taxa.	Nonetheless,	a	larger	survey	involving	all	the	short-stemmed	Hedysarum	species	from	the	Multicaulia	and	Subacaulia	sections	would	be	necessary	to	clarify	the	taxonomy	of	northern	Asian	legumes.
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Highlights
• The	H.	chaiyrakanicum	is	well	discriminated	by	its	ISSR	and	morphological	profiles.
• Our	study	provided	no	evidences	for	the	separation	of	H.	gmelinii	and	H.	setigerum.
• 	H.	setigerum	should	be	treated	as	a	subspecies	of	H.	gmelinii.
• Based	on	the	Nei'	standard	coefficients,	the	species	of	H.	gmelinii	group	have	evolved	recently.
• The	ISSR	profile	is	found	to	be	an	important	diagnostic	feature	in	biosystematics	of	Hedysarum.
